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European Deep Underground Laboratories

Institute of Underground
Science in Boulby mine,

UK

Laboratorio Subterraneo
 de Canfranc, Spain

LSC
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Laboratori Nazionali del
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CERN
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Borexino

OPERA
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CRESST2
GNO

CUORICINO

LUNA2

DAMA

 HDMS
GENIUS-TF

MI R&D
LUNA

COBRA

ICARUS



Current physics topics
 Neutrino long baseline

 LNGS (OPERA,ICARUS)

 Solar Neutrino
 LNGS (Borexino)

 Neutrinoless double beta
 LNGS (CUORE, GENIUS)
 LSM (NEMO3)
 LSC(IGEX)

 Dark Matter
 LSM (EDELWEISS)
 LNGS(DAMA, CRESST, HDMS)
 Boulby (NAIAD,ZEPLIN,DRIFT)
 LSC (IANAIS,Rosebud,IGEX)

 Supernova +Astrophysics
 LNGS (LVD, LUNA,Borexino,…)
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Laboratory news
 Gran Sasso is slowly going out of the judicial control.

The extra floor has finished.
 The ICARUS cryostat entered the lab !!!

 Borexino filling in Spring?

 Fréjus and Canfranc will have a new building in the
next few years



Institutional framework
 Astroparticle Physics European Coordination ApPEC (major european agencies)

 Reviews, urges for coordination and prepares roadmap for: double beta decay and dark matter,
also megatonne type detectors?

 European program ILIAS (since 2004) funds
 Networking of underground labs, double beta and dark matter

 R&D of Double beta decay and low radioactivity techniques

 The 7th European Research Framework (2007) will be certainly a major player
 Major? construction funds will  be available

 European Strategy Forum Research Infrastructures (ESFRI):  roadmaps an important tool

 Recently approved KM3 Design Study gives a headstart to neutrino telescopes

 Not yet a  clear framework in Europe for a neutrino oscillation roadmap
 CERN committees play a major role (see recent Villars SPSC meeting and recommandations)

 European funded Beam R&D Networks is important  (CARE,  EURISOL)

 But, the decision involves the future of non-accelerator infrastructures, and certainly a rich non-
accelerator physics potential (proton decay, supernova and astrophysics observatory). A more
general strategy has to be defined

 European workshops (NOVE, NOW) and wordwide Nufact and NNN (see NNN05 in Aussois 7-9
April) are also   important fora



Dark matter
 EDELWEISS II starting September 2005

 Common Design study
EDELWEISS/CRESST in preparation

 ZEPLIN published premiminary results

  Xe work in progress

 Review of status by PRC of ApPEC in
Barcelona, 20-21 jan 2005.



• Provide an unambiguous evidence for νµ → ντ
oscillations in the region of atmospheric neutrinos by
looking for ντ appearance in a pure νµ beam

Search for the subleading νµ → νe oscillations
(measurement of Θ13 )

732 Km

Given the distance (732 Km):
νµ flux optimized for the maximal number of ντ
charged current interactions

2.1%νµ / νµ

negligibleντ prompt

17 GeV<Eνµ>

0.87%(νe+νe)/νµ

¨CNGS1: OPERA emulsion
 CNGS2: ICARUS LAr

Long Baseline CNGS



Target Chamber

Hadron stop

First beam in
May 2006

Intensity
increase (1.5)
under study
with dedicated
machine tests

Decay tube
installed and
vacuum tested

Decay Tube

Civil engineering
completed

Hadron stop
installed

specs

measurement

CNGS project
on schedule !



OPERA is also on schedule

Pb

Emulsion layers

ν

τ

1 mm

8.3kg

10 X0

1.5/10 Million
films shipped  to
GS





νµ → ντ  (νµ→νe) sensitivity

full mixing, 5 years run @ 4.5 x1019 pot / year

0.7(1.06
)

16.4(24.6)10.5(15.8)6.6(10)OPERA
1.8 kton fiducial

BKGDsignal

(Δm2 = 3.0x 10-3

eV2)

signal

(Δm2 = 2.4 x 10-3 eV2)

signal

(Δm2 = 1.9 x 10-3 eV2)

(…) with CNGS beam
upgrade (X 1.5)

Δm2 (10-2 eV2)

Probability of observing in 5 years a
number of candidates greater than a 4σ
background fluctuation

<7.1º
<6.4º

<0.06

<0.05 (beam *1.5)

Θ13 Sin22θ13



Megaton detector in Fréjus (LSM)?

 Opportunity of safety gallery

 Deep enough for supernova and solar physics,
good rock no water

 Many sided physics
 Proton decay

 Supernova

 Neutrino beams

 Solar/atmospheric and Other astronomy

 Discussions between french and italian gvts about
diameter of the tunnel closing to an end (currently
d=5.5m).

 Another site Venaus (7000 mwe) close to the
Lyon Turin TGV was proposed, but beaks the
Franco-Italian symmetry

 A LOI in Villars, a group was formed in France.
Work essentially on neutrino beams

A "modest" extention for a cavern 15x30m

is possible at moderate cost (2MEuros)







3 x 3 mixing  matrix U with parameters:

  θ 12,θ23    measured    θ13  δ (phase) unknown

 Δm2
12  Δm2

23 measured                           mν  unknown

Status of neutrino mass and oscillations
Europe : CHOO reactor  and in LNGS GALLEX, SAGE,  MACRO 

mν  direct mass measurement β decay

          2 β decay if  Majorana neutrino

          cosmological  measurement

CP violation

New value
Δm2

23   = 2.8 10-3 eV2   of K2K

Good news for CNGS/MINOS but also Fréjus , eagerly awaiting MINOS



Future Neutrino Beams



Extract from the minutes of the
December CERN Council

 The SPC concurred with the SPSC that future neutrino
facilities offered great promise for fundamental discoveries.

 The SPC recommended that CERN should join the world
effort in developing new technologies for new facilities:
beta beam, neutrino factories and wherever they were
sited.

 The work should focus on enabling CERN to do the best
choice by 2010 in future physics programme.

 The SPC would present in June 2005 a written report to
the council on the future of fixed target physics at CERN.



Elements for European/World strategy to
be decided till 2010

 Superbeam/Betabeam (2015) and then Nufact (2020-25) or  Nufact asap?
 "slow" vs "fast" train

 Proton decay and astrophysics vs dedicated measurement ( explore symmetry)

 If superbeam/betabeam,
 Megaton Cherenkov or 100 kton Liquid Argon?

 Run  at maximum of oscillation? or where synergy with astro/proton decay?

 If betabeam which gamma?
 Low energy? (SPS) medium (Tevatron) or high energy (LHC)?

 If Neutrino factory how many sites/detectors ?
 Iron/scintillator, Lar, OPERAplus

 If Megaton water Cherenkov
 Standard PM (good old 20inch, cheaper) or new risky ideas (HPD, wallpaper)?

 Quid MINOS, CNGS,  reactor and JPARC-I input?

 Quid decisions on ILC, upgrade LHC,ITER , KM3 etc?



The grandfather



 High Power
 LINAC @    4 MW
 Rep. Rate   50 Hz
 2.27 1014 p/pulse (1.2 ms burst with 352 MHz bunching & 44

MHz time structure)
ν Accumulator and compressor ring to reduce the pulse length

ν SPL also valuable for LHC luminosity upgrade  and next generation
radio-active ion beam facility in Europe (EURISOL)

ν 160 MeV linac (“Linac 4”) justified as new PSB injector for LHC
(ultimate luminosity and beyond) and ISOLDE (higher flux)

ν 3 MeV pre-injector: approved

Superconducting Proton Linac

SPL @ 2.2 GeV



3 MeV test place – Preliminary layout

Chopper line
(CERN)

IPHI RFQ
(CEA/IN2P3)
Final version

shorter

R. Garoby



SPL Proposed Roadmap
Assumptions:

• construction of Linac4 in 2007/10 (with complementary resources, before end of
LHC payment)

• construction of SPL in 2008/15 (after end of LHC payments)
Task Name

LINAC4

Design refinment

Construction

Commissioning

Start operation with PSB

SPL

Design refinment

Construction

Linac4 displacement + commissioning

Start operation as PS Injector

12/31

12/30

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Linac 4
approval SPL

approval
LHC

upgrade
R. Garoby

Protons from the SPL ready in 2015



Proposal for a CERN - Super Beam to Fréjus

π+ → µ+ + νµ

µ+ → e++ νµ +νe

νe

Background



Nominal set of SuperBeam parameters

 Proton beam
 2.2 GeV
 4 MW
 50 Hz rep. rate

 Accumulator ring

 Mercury target

 Horn focusing
 First horn 300 kA
 Reflector 600 kA

 Low energy pion beam: ≈ 500 MeV
 proton energy below kaon threshold
 Short decay channel < 100 m

 Low energy neutrino beam: ≈ 250 MeV



•Beta-beam proposal by Piero Zucchelli (2002)

•The baseline scenario (use the SPS)
–Avoid anything that requires a “technology jump” which
– would cost time and money (and be risky).
–Make maximum use of the existing infrastructure.





Neutrino
Source

Decay Ring

Ion production ISOL
target &   Ion source

Proton Driver SPL

Decay ring

Bρ = 1500 Tm

B = 5 T

C = 7000 m

 Lss = 2500 m
6He:   γ = 150

18Ne:  γ = 60

SPS

Acceleration to
medium energy  RCS

PS

Acceleration to final energy

PS & SPS

Experiment

Ion acceleration Linac

Beam preparation Pulsed
ECR

Ion production Acceleration

Neutrino source

?? ,

?? ,

Beta-beam baseline design



Problems of low energy:

•Fermi motion makes
difficult the use of energy
bins, only counting

•Uncertainties for the cross
sections

•Atmospheric backgrounds



Nominal settings sensitivity





Higher-gamma Beta Beam example

P. Hernández



Medium



High to LNGS



Us the highest SPS energy



It is not necessary to run on the oscillation maximum

Old settings Counting only

Higher gamma, Energy bins



SPL at 2.2 GeV is also not optimised, 3.5 GeV is
better (Cazes et al)



A. Rubbia











Betabeam to Poland





A stepwise approach ("slow train")



A stepwise approach ("slow train")



Cost of a Betabeam/Superbeam to Fréjus?

My opinion: Surely  optimistic
most probably closer  to 1.5-2
MUSD

Why 2 beams to
the same detector?



A first (and biased?) classification of sites

Optimum
Oscillation
distance

Depth

JPARC-HK

CERN-FREJUS
Henderson-UNO





Conclusions
 A few years of parallel regional effort in dark matter and

double beta detectors are still  in front of us. Roadmap?

 The next neutrino accelerator and the corresponding
detector are in a dynamical situation, but  not yer a clear
frame of decision, non-accelerator physics and other
communities are very important factors

 CERN: towards a decision not later than 2010.

 Three candidate machines (super,beta,factory)
complementary expertise in 3 candidate regions.
Coordination?



My excuses for being late but I at least have
learned 2 lessons I wish to share with you

 I have lost my normal flight, because due to a car accident blocking the
road it took me 1.5 hours from the IN2P3 headquarters in Paris to the
High Tech Airport of CDG (normally 30 minutes drive)

 Lesson #1

 There is no use building a mutibillion infrastructure and let the
acces-road to it at a very risky state …or

 Do not take a risky road to a multibillion infrastructure

 There was no economy -class tickets in the next flight so I was
obliged to take business class
 Lesson #2

 If you have modest ambitions but you arrive late, you have just
wasted taxpayers money

 We should navigate between these two.  THANK YOU



spare



Measurement of θ13. Correlations and degeneracies

The appearance probability P( θ13,δ)
obtained for neutrinos at fixed (E,L)
with input parameters (θ13,δ) has
acontinuous number of solutions

Cervera et al.

For neutrinos and antineutrinos of the

same energy and baseline the system of
equations has two solutions the true and
energy ependent clone

+ Two other sources of degeneracy.

1. Ignorance of the sign of Δm23
2

2. Ignorance of the octant of θ23



Correlations



S. Rigolín

8-fold Degeneracy in low-gamma BB



How to solve
degeneracies

1. Use spectral information on
oscillation signals→ experiment with
energy resolution

2. Combine experiments differing in E/L
(and/or matter effects) → need two
experiments

3. Include other flavor channels: silver
channel νe → ντ. Need a tau-capable
detector

Burguet.
Hernández,
JJGC


